Second, prevention science is grounded in our knowledge of the effec tiveness of interventions to prevent cancer by changing modifiable risks. Interventions are generated from the social, behavioral, and economic sciences, and are evaluated in terms of cost-effectiveness, cost-benefit, and efficiency (Cochrane 1972) . Interventions can focus on environmen tal, behavioral, or biological risks, and can be categorized into two types: those focused on individuals at risk, which we term clinical interven tions, or those focused on populations, which we term p u b lic health interventions. Clinical interventions include programs like smoking ces sation counseling or chemoprevention strategies, which target persons at high risk. Public health interventions, in contrast, are designed to alter the population distribution of risks. Effective interventions that change this distribution will also decrease risk among individuals at high risk (Rose 1985) . Examples of population-focused interventions are compre hensive health education of schoolchildren, taxation of cigarettes, work site and public facility restrictions on smoking, regulation of vitamin supplements in food, and mass media messages to change norms and in crease consumption of fruits and vegetables.
A public health approach, aimed at the most important modifiable risks, is critical to an effective population prevention strategy. Approaches that concentrate on small numbers of individuals at high risk, however successful for the individuals, cannot influence the majority of deaths in the whole population (Rose 1982) . Risks attributable to exposures that are widespread in the population have more impact on total cancer mor tality than do large increases in risks that are experienced by only a few. For example, the relative risk of hepatic angiosarcoma among cleaners of vinyl chloride polymerization kettles is approximately 400 compared to the nonexposed population. However, the total number of such tumors reported in the world literature is less than 100 (Muir 1990) . Occupa tional risks, although large for exposed workers, can account for only a moderate proportion of total cancer mortality (Doll and Peto 1981) . Thus, although reducing occupational exposures (including benzene, aromatic amines, arsenic, hexavalent chromium, vinyl chloride, radon, asbestos, and talc, which contains asbestiform fibers) constitutes one im portant approach to prevention (Doll and Peto 1981; Muir 1990) , its potential for reducing total population cancer incidence and mortality is limited.
Prevention science often comes into conflict with economic and politi cal forces: examples would be the economic interests of corporations pro-moting the sale of tobacco to minors and the federal government's support for tobacco agriculture. Hence, the issues of social strategies and political will (Richmond and Kotelchuck 1984) are significant compo nents of the scientific study of interventions to prevent cancer. The disci plines that bear on each component are summarized in figure 1 .
Further complicating prospects for effective intervention, major behav ioral cancer risks like smoking, diet, and physical activity are embedded within lifestyles that are not often amenable to simple, single-component interventions because they involve complex behaviors within widely vary ing social and cultural contexts. In addition, the complex effects of life style and behavioral alteration require documentation of comorbidity associated with prevention interventions. One current controversial ex ample of the difficulties posed by comorbidity concerns alcohol: if mod erate alcohol intake among women is identified as a risk for breast cancer and a protective factor for heart disease, it is clear that both outcomes need to be included in calculations of intervention effectiveness.
In this analysis, because our focus is on cancer prevention, we do not examine in detail the efficacy or effectiveness of screening. Screening does not generally prevent cancer onset, but rather aims to reduce cancer mortality through early diagnosis either of premalignant conditions that respond to therapy or of malignancies that show greater response when treated at an earlier stage. As an approach to prevention, this is very lim ited, because one must screen for each disease individually, and usually repeatedly, thus leading to issues both of compliance to achieve effec tiveness and of the cost of frequent clinical procedures. Although screen ing traditionally is designed to advance the diagnosis of cancer, some screening approaches focus on precursor lesions whose treatment pre vents the development of invasive disease. Examples here include Pap tests for cervical cancer and screening for colon polyps. Using this ap proach, many more precursor lesions are treated than will progress to invasive cancer. When screening for premalignant conditions, such as cervical dysplasia, it is possible to reduce the rates of invasive cervical cancer by as much as 60 percent through a national mass screening pro gram (Tomatis 1990, 276-9) -To achieve this level of efficacy, however, a program must reach all eligible women. Fiscal year 1991 marked the first appropriation by Congress: $29-3 million to increase low-income women's access to mammography and Pap smear screening and to facili tate appropriate treatment referral. This appropriation also designated funds for developing public education programs.1
At the extreme of screening are genetic markers either of predisposi tion for future disease or of early disease. Hundreds of genetic aberrations are detectable in early cancer of the head and neck, making screening for cancer in this one region of the body an enormous task. We do not review the benefits of screening programs, which have been extensively documented in the report that was published by the U.S. Preventive Ser vices Task Force (1989) . We also do not discuss the implications of ge netic screening. Although this approach could enhance prevention for a sector of the population, and may prevent some cancer incidence, it may lead to stigma and fear among others, and in the worst-case scenario, to lack of access to adequate health and life insurance coverage and to employment discrimination. The report of the Institute of Medicine on Genetic Testing indicated that population screening for predisposition to late-onset monogenic disease should only be considered for treatable conditions of relatively high frequency. Further, it notes that when the lag between testing and effective treatment is long, then the nonmedical benefits and harms, as well as the ethical considerations, dominate deci sions about whether testing should be undertaken, both for individuals and for society (Andrews et al. 1994 ). In this article, we address the possible new directions that policy and research on cancer prevention may take and suggest a broad strategy to speed the development, implementation, and evaluation of effective methods for the primary prevention of cancer. We briefly review the dis tribution of cancer deaths, their known causes, and evidence that inter ventions can reduce mortality, morbidity, and risk factors. We focus on the most prevalent cancers for men and women: tobacco-related cancers; cancers of the breast, colon, and prostate; and malignant melanoma. Our analysis indicates that the main modifiable risks for these cancers have one common behavioral pathway, as they all involve substances that people put in their mouths: cigarettes, smoking pipes, chewing to bacco, and food. Two other clearly modifiable risks are lack of physical activity and ultraviolet light exposure as it relates to the risk of mela noma (and other skin cancers). Our analysis also, however, highlights our extremely limited knowledge concerning modifiable risks for breast and prostatic cancer. These findings indicate the need to focus on two aspects of prevention: implementation and evaluation of intervention re search for tobacco-related cancers and for colon and skin cancer; and a stronger focus on identification of new, modifiable risks for breast and prostate cancer.
The Evidence for Increasing Cancer Incidence and Mortality
During this century, stomach cancer mortality in the United States has declined annually by about 1 percent, and since the 1950s cervical cancer mortality has steadily declined as well. Several recent reports, based on data from the Surveillance, Epidemiology, and End Results (SEER) can cer registries that cover approximately 10 percent of the U.S. population, indicate that age-specific incidence of breast (White, Lee, and Kristal 1990; Glass and Hoover 1990; Liff et al. 1991 ), brain (Grieg et al. 1990) , and prostate cancers (Potosky et al. 1990 ) are rising. Although more widespread use of medical technologies may account for some of the in crease through greater detection (Boyle et al. 1990; Severson et al. 1990 ), they do not explain all of it.
During the interval from 1975 to 1987, the age-adjusted mortality from cancer among Americans under the age of 55 decreased, reflect ing the decline in lung cancer and the efficacy of treatment for leukemia and testicular cancer. However, the age-adjusted mortality from cancer among those over 65 years of age increased during this interval. Because lung cancer has a known cause (cigarette smoking) and is the leading cancer, some have argued that it should be treated separately in analyses that address cancer mortality. Even when lung cancer was excluded from the analysis, age-adjusted cancer mortality increased from 1975 to 1987 among men and women over 65 (Ries, Hankey, and Edwards 1990) . In summary, age-adjusted cancer mortality continues to rise in the United States, a trend that must be countered by a renewed focus on prevention.
In 1994, the number of new cancers was estimated to exceed 1.2 mil lion cases, and the number of deaths due to cancer exceeded 538,000. Lung, colorectal, and breast cancer each account for approximately 15 percent of new cancer cases, or, together, nearly half of all cases. Because these cancers lead to approximately half of all deaths, any national ef forts to reduce the total cancer burden of the U.S. population must focus on these three sites.
Cancer frequency differs between men and women. In order of fre quency, the commonest causes of cancer deaths in men are neoplasms of the lung, prostate, colon and rectum, pancreas, bladder, and lym phomas. Among women, lung, breast, colon and rectum, pancreas, and ovary are the most frequent sites of neoplasms leading to cancer death.
Men and women of African-American descent bear a disproportionate burden of cancer. Black mortality caused by cancer of the esophagus is 3.1 times that of whites; by cancer of the cervix uteri, 2.7 times that of white women; and by cancer of the prostate gland, 2.2 times that of white men. At ages 55 to 64, black males have a mortality rate due to prostate cancer four times that of white males. The 1986-90 ageadjusted cancer mortality for black men (315 per 100,000) is 48 percent higher than that for white males (213 per 100,000). Black women expe rience mortality rates that are 19 percent higher than those of white women (166 per 100,000, compared with 139 per 100,000) (Miller et al. 1993) . Despite these marked differences in incidence and mortality re corded in national databases for decades, before the 1990s there was as tonishingly little research attention focused on these ethnic differences, in terms of either causes (do biological processes differ or do risk factors differ?) or interventions at the individual or population level that are sensitive to cultural variation.
Measures o f the Progress against Cancer
Measures of the progress against cancer may be divided into direct mea sures of how cancer affects people (mortality, incidence and survival, quality of life, economic costs) and of the risks that predispose toward cancer (e.g., smoking). Mortality remains the most important yardstick of progress against cancer because it is the ultimate measure of the im pact of the disease on the population (Extramural Committee to Assess Measures of Progress against Cancer 1990). Interpretation of changes in mortality rates, however, can be complicated by changes in disease classi fication.
Because mortality rates do not give a picture of the amount of life lost to cancer, we briefly review the impact of cancer mortality as measured by years of life lost. For all cancer sites combined, the average years of life lost by those diagnosed with cancer is approximately 16 years. That is, based on age-and sex-specific life tables, these people would have been expected to live another 16 years, given that they had survived to the age at which they died from cancer. Children who die of cancer lose the highest number of years (68). Women diagnosed with breast cancer lose an average of 20 years of life; persons with lung cancer average a loss of 16 years, and those with prostate cancer average a loss of 10.
In sum, whether the measure is mortality or years of life lost, the burden of cancer continues to increase in the United States. The loss of produc tive life to cancer points to the potential impact of successful preventive interventions.
In addition to mortality, however, we also need to examine the impli cations of competing risks and benefits (Keyfitz 1982) for research into cause and evaluation of interventions. Postmenopausal hormones and moderate alcohol consumption are relevant examples: both are linked to the risk of breast cancer, and both can potentially protect against heart disease. These examples highlight the importance of a multidisciplinary prevention strategy and illustrate the inherent dangers of health policy being driven by advocacy groups whose special interests lead them to focus on single diseases rather than on broader measures of mortality, morbidity, or quality of life. Although a focus on cancer-related end points is crucial for advancing the understanding of cause and identifica tion of risks, evaluation of intervention strategies demands an analysis of competing risks and quality of life.
Tobacco-Related Cancers: Evidence for Risk and Intervention
Just under 20 percent of all deaths in developed countries are attribut able to tobacco (Peto et al. 1992 ). This mortality includes deaths from cancers attributable to tobacco, and also the comorbidity caused by this behavior, including coronary heart disease, peripheral vascular disease, and stroke. Smoking causes lung cancer, the leading cause of cancer mortality, responsible for an estimated 153,000 deaths in 1994. It is esti mated that lung cancer was diagnosed in 100,000 males and 72,000 fe males in 1994. For males, lung cancer incidence is second only to prostate cancer, and for females, it is third to incidence of breast and colon cancer. Doll and Peto (1981) conclude that 30 percent of all U.S. cancers could be avoided if men and women did not smoke, primar ily through reduced incidence and mortality from cancers of the lung; mouth, pharynx, larynx, or esophagus; bladder; pancreas and kidney.
Age-specific mortality rates from lung cancer have begun to decline among younger cohorts. Mortality from lung cancer peaked among men born in the 1920s and among women born in the 1930s (Devesa, Blot, and Fraumeni 1989) . The declining rates among all sex-race groups un der age 45 appear to reflect lower rates of initiation and greater rates of quitting than in older cohorts (Pierce et al. 1989) . Furthermore, changes in tar and nicotine content of cigarettes resulted in larger decreases in tar-adjusted cigarette consumption among men under 45 years of age, compared with other age groups during the interval from 1965 to 1980 (Winkelstein 1985) . Further efforts to reduce initiation and increase ces sation of smoking are clear policy priorities. In addition to direct effects on those who smoke cigarettes, evidence from many studies suggests that those who live with cigarette smokers have a significant increase in risk of lung cancer, compared to those who live with nonsmokers (Wald et al. 1986 ; U.S. Department of Health and Human Services 1986a).
Interventions to reduce the impact of tobacco smoke on cancer inci dence and mortality take many forms, ranging from clinical interventions focused on smoking cessation counseling to public health approaches emphasizing mass education, restrictions on smoking in public settings, and taxation (U.S. Department of Health and Human Services 1989). Interventions can focus on either preventing initiation or encouraging cessation, or both. Although increasing numbers of adults have stopped smoking cigarettes (Keyfitz 1982) , initiation of the habit by adolescents remains a major public health policy issue (they also constitute a major target for manufacturers and marketers of cigarettes). Recent data docu ments the continuing utilization of tobacco by U.S. adolescents: rates of smoking by youths aged 12 to 17 has changed little since 1980, and re cent evidence indicates increased use of smokeless tobacco among adoles cent males (rising, for example, from 1.5 percent in 1970 to 6.8 percent in California in 1992) (U.S. Department of Health and Human Services 1986b; Pierce et al. 1993 ). Rates of smoking by youths aged 18 to 24 are currently 28 percent, the same as the overall adult population (National Center for Health Statistics 1990 ). An analysis of rates of smoking by in dicators of socioeconomic status reveals that reductions have been con centrated among the higher socioeconomic groups (Pierce et al. 1989) , while rates increased among African Americans and women. National data indicate that smoking rates among high school seniors have changed little over the past decade, and there is evidence of increases among males since 1984 (Giovino et al. 1994) (fig. 2) . A wide variety of clinical smoking cessation interventions have been shown to be partially effective, including interventions among special populations. Smoking cessation programs for pregnant women, for ex ample, are cost-effective (Windsor et al. 1993 ), although they have not been widely implemented: insurance carriers and Medicaid do not gen erally pay for smoking cessation services. Research with adolescents now indicates that a program of appropriately structured, cohesive school health education can successfully increase knowledge of, and attitudes toward, health-related behaviors and reduce the prevalence of smoking as well as improve dietary habits (Connell, Turner, and Mason 1985; Walter et al. 1988; Killen et al. 1988; Bush et al. 1989; Errecart et al. 1991) . When integrated into existing curricula, comprehensive school health education is less costly than a series of programs that are narrowly focused-for example, on smoking (Cleary et al. 1988 )-and they pro vide clear mechanisms for education on cancer risk factors as new evi dence becomes available. A promising strategy for the future would be group interventions segmented by age, socioeconomic states, and ethnic background.
Another effective public health intervention is taxation, which can significantly reduce cigarette consumption (Harris 1987) , particularly by discouraging young people from starting to smoke (Lewitt, Coate, and Grossman 1981) . A review of studies estimating this potential indicated that "a tax-induced price increase of, say, 10 percent would reduce adult cigarette consumption by 2.2 to 10 percent" (Manning et al. 1991) . Fur thermore, bans on advertising and sales (Warner, Goldenhar, and McLaughlin 1992) , restriction of smoking in public places, and prohibit ing sales of cigarettes to minors have all been shown to affect smoking rates significantly in the United States (U.S. Department of Health and Human Services 1989).
Remarkably, discussions of intervention approaches often ignore their relative costs. A dramatic example of this oversight is apparent when counseling by health care providers is compared with taxation in order to ascertain the relative costs to both smokers and nonsmokers. The costs of counseling by health care professionals, a clinical intervention recom mended as part of the Healthy People 2000 national prevention strategy (U.S. Department of Health and Human Services 1990b), are born by both groups. The costs of taxation, however, are born only by smokers, and serve to reallocate the financial burden associated with risk behaviors (Lewitt, Coate, and Grossman 1981) .
Of this broad array of intervention options, from clinical smoking counseling, to population interventions such as taxation on cigarettes, only some strategies have received the major share of federal government research funding. Reasons for a limited focus may be that the interven tions geared toward smoking prevention and cessation are based on the social and economic sciences, can involve political and economic conflict, and are often viewed by other scientific disciplines as less amenable to serious scientific study because of their political and economic contexts.
For example, the National Cancer Institute's Cancer Control Objec tives for the Nation, 1985-2000, do not mention taxes as an effective intervention strategy. Suggested strategies include worksite or community smoking cessation programs, laws to prohibit smoking in enclosed public places, and separate smoking areas at work and in eating establishments (Greenwald and Sondik 1986, 2) . Similarly, the Year 2000 objectives for tobacco use in the United States do not discuss taxation of cigarettes as a major strategy (counseling by health professionals is mentioned) (Warner, Goldenhar, and McLaughlin 1992) . In a companion volume, Healthy C om m unities 2000: M odel Standards, excise taxes are men tioned in the context of a suggestion to raise tax rates to an average level (American Public Health Association 1991). In fact, the real federal tax imposed on cigarettes has declined dramatically over the last 35 years. In 1951 the excise tax represented 42 percent of the purchase price of a package of cigarettes; in 1984 it was 17 percent (Lewitt, Coate, and Grossman 1981) . In contrast to the lackadaisical approach by the federal government to exploring taxation strategies, some states -like Califor nia, Massachusetts, and Michigan -have very aggressively pursued them as a way of both decreasing use and funding other public health inter ventions.
The National Institutes of Health have traditionally funded smokingrelated research that focuses on clinical interventions rather than on de veloping and evaluating public health interventions. More recently, however, the National Cancer Institute has initiated the Community In tervention Trial for smoking cessation (COMMIT), an eight-year, $45 million dollar program (COMMIT Research Group 1991)-In collabora tion with the American Cancer Society, NCI has funded the American Stop Smoking Intervention Study for cancer prevention (ASSIST) (U.S. Department of Health and Human Services 1991)-Although no specific intervention approaches are being experimentally tested in the ASSIST program, the 17 participating states will carry out a very broad range of activities during the funded period, 1993 to 1998. These programs con trast with the $4 billion spent by the industry to advertise tobacco prod ucts, in addition to the government funds allocated to subsidize tobacco production.
Both the COMMIT and the ASSIST programs are focused upon the application of methods to control tobacco use via community interven tion strategies, although the evidence of its effectiveness derived from prior community intervention trials in the United States is inconclusive (Lichtenstein, Wallard, and Pechacek 1990-91) . Results of the COMMIT trial confirm the inconclusive results from prior community studies in dicating no difference between intervention and control communities for cessation among heavy smokers (COMMIT Research Group 1995) , and point to the need for better designed interventions. These results may also illustrate the limited role of randomized community trials in evalu ating prevention strategies in a rapidly changing society (Susser 1995) . Therefore, a continuing commitment to a wide variety of clinical and public health intervention and evaluation strategies is critical.
Four Other Cancers: Evidence for Risk and Intervention
Among the three-quarters of the population who are nonsmokers, the quantitatively most important cancers are breast and colon cancer in women, and colon and prostate cancer in men. These three cancers share two common features: they have no clearly documented association with cigarette smoking, although evidence is suggestive for colon cancer (Giovannucci et al. 1994a,b) , they have known nondietary risk factors that are quantitatively important, although few are potentially modifiable (with the exception of physical activity and colon cancer), and diet has been suggested as an important etiologic factor for all three, largely on the basis of strong international correlations. We also consider malignant melanoma, the cancer with the greatest rate of increase in incidence in the total population from 1973 to 1990. Although the nonsmoking pop ulation includes former smokers, the contribution of past smoking to cancer risk is relatively short-lived after cessation from smoking. By 10 to 15 years after cessation the risk of cancer is reduced to that of a neversmoker (U.S. Department of Health and Human Services 1990a). In this section we briefly review the role of diet and other lifestyle factors re lated to these cancers in an effort to identify behavior changes that may reduce risk. The scientific basis for the effectiveness of interventions in reducing these cancers is much less clear than the case of cigarette smok ing cessation, indicating the urgent need for additional research.
Breast Cancer
Approximately 46,000 women died of breast cancer in 1994. The mor tality rate for breast cancer has increased slightly since 1973, more among black women than white women (Ries et al. 1990 ). However, a more dramatic increase in incidence has been observed among women above the age of 50. The rate of increase in incidence is approximately 4 percent per year, and is observed for both in situ disease and for invasive breast cancer. Most, although not all, of this increase can be attributed to increased screening (Feuer and Wun 1992) .
Reproductive factors, including age at menarche, age at first birth, parity, and age at menopause, are related to risk of breast cancer but are limited in how they may be potentially modified via either clinical or public health interventions. These risk factors suggest a role for endog enous estrogens, and evidence from epidemiological studies supports this possibility, although the results of studies do not consistently single out the specific hormone responsible for increasing risk (Key and Pike 1988) . Exogenous estrogens, taken for menopausal symptoms and to reduce risk of osteoporotic fractures later in life, may also increase risk of postmeno pausal breast cancer when taken for longer durations (Grady and Ernster 1991; Brinton and Schairer 1993) . Counterbalancing this risk of breast cancer is the beneficial impact of replacement estrogen therapy on risk of fractures and coronary heart disease (Stampfer et al. 1991) . Resolving the trade-off between these risks and benefits remains complex. Because the shift to reproductive patterns that increase risk of breast cancer is the result of social factors, the public health approach to preventing breast cancer should receive renewed emphasis.
The relation of diet and breast cancer has been reviewed elsewhere (Willett 1989; Hunter and Willett 1993) . Briefly, for the last decade the dominant etiologic hypothesis has been that high fat intake-animal fat in particular-is the primary cause of the large difference in breast can cer mortality between countries. This notion is largely derived from the striking international correlation between per capita fat intake and breast cancer rates. The major limitation of this information is that it can be potentially confounded by other predictors of breast cancer risk be cause the countries with high fat intake are all affluent Western nations. In more detailed studies using case-control and cohort designs, little or no association between fat intake and breast cancer risk has been ob served. Although imprecision in the assessment of diet is postulated as one reason for the lack of association in these studies, this does not ex plain the lack of association in the prospective cohort studies. To date, prospective data from nine cohorts with a total of 3,580 cases of breast cancer show that not one study observed a significant relation between fat intake and breast cancer, and the average relative risk comparing highest to lowest intake of fat was 1.03 (95 percent confidence interval [Cl] = 0.91-1.18) (Hunter and Willett 1993) .
Overall, the evidence that reductions in fat intake by middle-aged women will have a major effect on breast cancer incidence is weak, al though the possibility that some effect might be achieved is almost im possible to exclude. Whether reductions in fat intake earlier in life, before age 10 to 20 years, might influence breast cancer risk is unknown. While secular trend data in Japan and other countries whose diets have changed dramatically might in principle be informative, it will be ex tremely difficult to disentangle the effects of positive energy balance and rates of growth during childhood and adolescence from those of dietary fat composition (Henderson, Ross, and Pike 1991) and changing repro ductive patterns. Continued fundamental research into the specific be haviors tied to components of diet and their relation to risk of breast cancer should be a high research priority. Although total fat intake was hypothesized to be linked to increased risk of breast cancer, the contri bution of specific fatty acids now deserves far closer attention.
Although it was not even an hypothesis more than a decade ago, a rapidly accumulating body of evidence supports an association between alcohol intake and risk of breast cancer (Longnecker et al. 1988; Hiatt 1990 ). Typically, a one-and-a-half-to two-fold elevation in risk has been seen at modest levels of intake. Further evidence in support of a causal association comes from a randomized trial. Women had a significant (28 percent) elevation in estradiol levels and a 21 percent increase in estrone during the periovulatory phase while on the diet that included alcohol. These changes were followed by increases in urinary estrogens during the luteal phase (Reichman et al. 1991) . Although causality remains to be determined, this may be a potentially modifiable risk factor of some im portance to regular drinkers.
Multiple approaches have been taken to alter alcohol intake in popu lations, including programs focused on restricting drinking and driving. Despite the apparent protection that alcohol provides against cardiovas cular disease and death, cancer remains a major adverse effect. As in the case of cigarette smoking, a substantial body of literature indicates that increases in taxes reduce consumption of alcohol (Lewitt, Coate, and Grossman 1981; Ornstein and Levy 1983) , although although there is no evidence that such interventions have prevented breast cancer.
Energy balance may play a role in breast cancer incidence. In animal models, restricting energy intake reduces the occurrence of mammary and colon tumors, and accumulating evidence suggests that reduced en ergy intake, particularly early in life, may reduce breast cancer in humans. Among postmenopausal women, the association between adiposity and breast cancer is positive, but generally weak (Willett 1989; Tretli 1989) . Physical activity during adolescence and early adult life has also been found to offer protection against breast cancer (Frisch et al. 1985; Bern stein et al. 1994) .
The hormonal aspects of breast cancer etiology remain a major poten tial area for preventive interventions. Antiestrogens have been advocated as one possible means of prevention among older women (Prentice 1990) , as have manipulations of hormones through synthetic replace ment therapy for adolescent females to induce amenorrhea (Pike et al. 1989 ) in order to reduce the subsequent risk of breast and ovarian cancer. Such hormonal manipulations may, however, contain as yet unknown risks, which, together with social and cultural considerations, preclude widespread use. Tamoxifen, an antiestrogen in the breast, is also being evaluated as a chemopreventive approach to breast cancer among women at high risk (Bush and Helzlsouer 1993) . Such clinical interventions among women at high risk must be balanced by the parallel development of public health interventions because the majority of breast cancer cases are diagnosed in women who are not in the categories generally accepted as high risk.
In sum, deficiencies in the knowledge base concerning fundamental biological processes and the epidemiology of modifiable risks for breast cancer highlight the need for focused research in these areas.
C o lo n C a n c e r
In contrast to breast cancer, epidemiological studies provide substantial, but not conclusive, evidence that animal fat or meat intake is associated with risk of colon cancer (Steinmetz and Potter 1991a,b) . A strong corre lation between colon cancer and these variables has been demonstrated internationally. Fiber intake may protect against colon cancer, although the evidence is weak. Inverse associations with intake of fruits and veg etables have been observed in most studies (Trock, Lanza, and Greenwald 1990; Steinmetz and Potter 1991a) ; whether this relation is due to the fiber content of these foods or to other factors is not clear (Steinmetz and Potter 1991b) . Intake of grain fiber has not been associated with risk of colon cancer in most studies. However, prospective data relating diet to risk of adenomatous colon polyps, precursor lesions for colon cancer, show an inverse association for all types of fiber, and a positive associa tion for saturated fat intake (Giovannucci et al. 1992) . These data, taken together, suggest that fiber and fat may act at different stages in the car cinogenic pathway.
Alcohol intake is positively associated with colon cancer (Longnecker et al. 1990) , and also with incidence of colon polyps. A possible mecha nism for this association is provided by studies of the interaction be tween folate and alcohol intake, which suggest that the adverse effect of alcohol intake is more marked among those with low dietary folate (Giovannucci et al. 1992 ).
Obesity appears to be unrelated to colon cancer among women, but shows a consistent, though weak, positive relation among men in several prospective studies (Lew and Garfinkel 1979) . Physical activity is in versely related to risk of colon cancer in the majority of studies, whether activity is defined by usual occupation (Garabrant et al. 1984; Gerhardsson 1986; Vena et al. 1985 Vena et al. , 1987 Paffenbarger, Hyde, and Wing 1987) , or by leisure-time activity (Wu et al. 1987; Severson et al. 1989; BallardBarbash et al. 1990) .
Research into the biological processes of colon cancer has kept pace with the research into the epidemiology of its risk factors: the genetic al terations leading to colon cancer have been documented (Powell et al. 1992) , and genetic markers for familial colon cancer have been reported (Aaltonen et al. 1993) . Such markers may not prove to offer hope for prevention beyond clinical interventions among family members at risk. The convergence of biological knowledge and understanding of epide miological risk factors suggest that both clinical and public health inter ventions to decrease red meat consumption, increase intake of fruits and vegetables, and encourage physical activity may substantially reduce the burden of colon cancer.
As already discussed, there is some evidence that alcohol use can be influenced by taxation, and there is limited evidence for the effective ness of clinical interventions to treat obesity; neither intervention has been demonstrated to reduce colon cancer. We likewise have little infor mation about the effectiveness of programs to increase consumption of fmits and vegetables and decrease consumption of red meat. The na tional 5-A Day program funded by National Cancer Institute has shown some success in raising knowledge of the health benefits of fruits of veg etables and improving behavioral intentions to consume more fruits and vegetables (Produce for Better Health Foundation 1993), although, again, we have no evidence of cancer prevention. Reductions in intake of dietary fat, saturated fat, and cholesterol have been a major focus of programs aimed at reducing coronary heart disease, and there is some clinical evidence that men at risk of heart disease can lower that risk by reducing blood cholesterol level (Lipid Research Clinics Program 1984) . We have no direct evidence that clinical or public health interventions to reduce dietary fat prevents colon cancer. There are many intervention approaches to increasing levels of physical activity among populations; while we have no direct evidence that cancer incidence diminishes as a result of increasing activity, improving physical activity levels will also re duce risks of coronary heat disease and is consistent with lowered colon cancer risk.
In sum, the scientific base is sufficient to justify lifestyle changes that are likely to significantly reduce risk of colon cancer. Social intervention strategies to implement these changes and evidence of the effectiveness of intervention, however, are lacking. Further, the political will (that is, society's desire and commitment to support or modify old programs or develop new ones) to bring about major changes in diet and physical ac tivity has not been sufficient to advance colon cancer prevention to date.
Prostate Cancer
Cancer of the prostate has become the leading incident cancer among men. The age-adjusted incidence rate for cancer of the prostate is 50 per cent higher among black males than among white males. Although some of the increase in incidence may be due to the growing use of transurethral resections of the prostate to treat benign prostatic hypertro phy, the rise in mortality of 0.6 percent per year from 1973 to 1987 indi cates that some of the increase in cancer of the prostate is not simply the result of improved detection, but reflects as well the fact that rates are truly on the rise.
Like breast and colon cancer, rates of prostate cancer correlate with na tional per capita intake of fat (Armstrong and Doll 1975) . The majority of case-control studies support an association between some aspect of ani mal fat and risk of prostate cancer (Giovannucci 1995) . In addition to red meat and animal fat, prospective studies suggest that specific types of fat or fatty acids may increase incidence and enhance growth of prostate can cer. The fatty acid with the strongest association in the prospective Health Professionals Follow-up Study was alpha-linolenic acid (Giovannucci et al. 1993b ). This finding was replicated in a nested case-control study of plasma samples obtained from participants in the Physicians Health Study. Plasma alpha-linolenic acid was significantly related to risk of prostate cancer (Gann et al. 1994) . Carotenoids have also been studied for their potential to reduce risk of prostate cancer. Preliminary data from four prospective studies also suggest a consistent decrease in risk of prostate cancer among men with higher lycopene levels measured either by their intake of tomatoes (rich in lycopene) or by their blood levels. Lycopene is a carotenoid that may inhibit proliferation of prostate cancer.
Although far from conclusive, the existing data on diet and prostate cancer do provide reason to study this relation in more detail, with more comprehensive dietary assessments. Some of this motivation stems from our almost complete lack of identifiable risk factors for this malignancy. Emerging evidence points to a relatively consistent increase in risk of prostate cancer 20 or more years after vasectomy (Giovannucci 1993a.c) . For each of these recent epidemiological associations, there is no biologi cal model to explain convincingly the mechanism for such a relation.
Deficiencies in the knowledge base for both the fundamental biologi cal processes and the epidemiology of modifiable risks must be urgently remedied. Until a more substantial scientific basis for prevention of pros tate cancer is available, development of intervention strategies (either designed for individuals or using public health methods) is premature.
Malignant Melanoma
We focus attention on this cancer because the incidence rate for malig nant melanoma has risen more rapidly than that for any other cancer during the interval from 1973 to 1990. The overall annual percent change over the 15-year period was 4.4 percent among whites. Malignant mela noma is one of the few specific forms of cancer in which a known, major preventable etiology exists that is not related to cigarette smoking. Al though there appears to be an important predisposition among family members to developing this disease, there is no question that repeated, unprotected sun exposure by those with a propensity to burn is a signifi cant risk factor (Weinstock et al. 1989) .
Intervention strategies to prevent melanoma take two forms. A pri mary issue is avoiding repeated episodes of sunburn at any age, but par ticularly during youth and adolescence when melanin pigment is being mobilized. For those with significant numbers of moles, clinical preven tion entails repeated examination to identify changing lesions. This is a form of secondary prevention in that early removal of precancerous le sions reduces risk. In both cases, public education, perhaps with warning labels on sun-tanning and sun-blocking agents, may be warranted. A sun tan is a highly valued social symbol among young persons; fashion and advertising may have played a part in establishing a sun tan as desir able. Data from Australia, a nation with an extremely high incidence of melanoma, indicate that teenagers, more than any other age group, want to obtain a dark sun tan in the summer and consider it worth a great deal of effort to do so (Marks and Hill 1988) . For adolescents, cur rently perceived rewards of a behavior far outweigh any long-term conse quences, no matter how severe these may be. Thus, prevention strategies among teenagers must take account of these important determinants of adolescent behavior. Prevention should be incorporated into comprehen sive, school-based health programs. In addition, social marketing may play a role in promoting the use of sun screens, hats, and long-sleeved shirts to reduce sun exposure and to avoid exposure during peak hours of ultraviolet flux (10 AM to 3 PM). To date, we have no evidence that such preventive interventions are effective.
O t h e r C a n c e r s
The remaining causes of cancer mortality account for 50 percent of can cer deaths, but are spread over numerous sites, each with its own causes and paths to prevention. Focusing on any one site, however, cannot have a major impact on total cancer mortality unless common underlying bio logical processes that have not been defined to date are influenced by a common set of modifiable behavioral, environmental, or genetic risks. Endometrial cancer can be avoided by reducing energy intake and obe sity. Ovarian cancer is reduced by suppressing ovulation either through use of oral contraception or through pregnancy. A reduction in incidence by 40 percent may be seen among women who have used oral contracep tives for five or more years (Hankinson et al. 1992 ).
Discussion
National expenditures on cancer are predominantly allocated to early de tection and treatment of disease. Using a liberal definition of primary prevention, it was estimated that 17 percent of the NCI budget went to primary prevention in 1992. Patient treatment and basic research remain the major areas funded. This current allocation of NIH funding reflects the evolution of university-based research centers that tend to investigate hospitalized patients; thus, treating the sick, rather than maintaining the health of the well, is rewarded. This emphasis in academic medicine, described decades ago (Richmond 1969) , persists in the ongoing public debate. The current mechanisms for research and demonstration project support by NIH still shore up this predominant emphasis.
Using U.S. cancer mortality data as a measure of the progress against cancer, we recommend, as did Cairns (1985) and Bailar and Smith (1986) , new strategies for prevention. These strategies should include priorities in each of the two areas defining the scientific basis for pre vention:
1. our knowledge base of fundamental biological processes and epide miology, which identify modifiable risks that are biological, behav ioral, or environmental in nature 2. our knowledge of the effectiveness of interventions to reduce mod ifiable risks and cancer prevalence and mortality Our review of cancer etiology and intervention evidence highlights various research areas that hold strong promise for reducing cancer rates in the United States. One clear finding of our analysis is that the main modifiable causes of cancer have a common behavioral pathway: sub stances that people put in their mouths, including cigarettes, smoking pipes, chewing tobacco, and food. Other clearly modifiable risks stem from lack of physical activity (and associated obesity) and exposure to ul traviolet light. The strong social, behavioral, and economic components to these risks must be acknowledged when funding is provided for inter vention research.
Our knowledge of modifiable risks and intervention effectiveness is particularly solid with respect to cancers caused by smoking. Our brief review of evidence for effective interventions either to prevent cancer di rectly or to indirectly affect reductions in risks for cancer (e.g., smoking cessation interventions) has documented evidence for effectiveness across a broad array of options, from clinical interventions like smoking coun seling, to population interventions like taxation on cigarettes. However, the government currently is undertaking and funding only some of these intervention strategies. One important area of intervention, taxation of tobacco and alcohol, has a strong potential to reduce cancer risk. For most of the cancers, however, there is little evidence of effective inter vention strategies (see table 1 ).
It is also clear that the biological processes of carcinogenesis leading to colon cancer have been well described, and some modifiable risks have been identified; this is also the case for malignant melanoma. Regarding breast cancer and prostatic cancer, however, little evidence for either substantial modifiable risks or effective intervention has been produced; the greatest need thus remains intensive research focused on discovering new modifiable risks.
One limitation of our analysis is its focus on only a sample of cancers. A similar analysis, however, could be carried out for other cancers, re viewing the evidence for modifiable risks and preventive interventions. Our assessment is that none of the risks so identified will result in num bers of potential preventable cancers of a magnitude similar to those we have targeted in this analysis. From another perspective, our analysis is also limited in the potentially modifiable risks we have examined. For example, there is broad exposure of the population to environmental risks posed by air (car and industrial) pollution, electromagnetic fields (Poole and Trichopoulos 1991) , and pesticides. Estimates indicate, how- ever, that these exposures account for only a small proportion of cancers (Doll and Peto 1981) .
Summary
The knowledge base may be advanced by concentrating on primary pre vention of cancer, which in turn will inform the development of ef fective and efficient intervention strategies for prevention that may substantially reduce cancer incidence. Several priority areas have been identified, and with new multidisciplinary approaches spanning the bio logical, epidemiological, social, behavioral, and economic sciences, new initiatives in primary cancer prevention may lead the way toward re ducing cancer mortality through primary prevention.
